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Abstract. Based on chiral dynamics, existence of exotic hadrons is discussed in the SU(3) symmetric limit. 
The low energy s-wave interaction of the Nambu-Goldstone boson with a hadron is known to be determined 
model-independently, which has been used to generate some hadron resonances in nonexotic channels. We 
show that this interaction in any exotic channels is not strong enough to generate a bound state. 



PACS. 14.20.-c Baryons (including antiparticles) 
metries 



11.30.Rd Chiral symmetries - 11.30.Hv Flavor sym- 



Experimcntally, more than hundred of hadrons have 
been discovered so far, whose properties are summarized 
by the Particle Data Group (PDG) [1] . Most of the hadrons 
can be, in principle, described in terms of qq or qqq, and 
the only state with exotic flavor quantum numbers in 
PDG is the S = +1 baryon <9 + [2]. Thus, exotic hadrons 
are indeed "exotic" from an experimental point of view, 
while there is no clear theoretical explanation of the non- 
observation (or non-existence) of the exotic hadrons. This 
is certainly a non-trivial issue to be explained theoreti- 
cally, irrespective to the existence of the + . 

Here we report our recent work on this issue [2l|4], in 
which we have studied the existence of the exotic hadrons 
in s-wave scattering of a hadron and the Nambu-Goldstone 
(NG) boson. We utilize the theoretical framework based 
on the S'-matrix theory. In 60's, the framework was used 
to describe hadron resonances such as /1(1405) 016] with 
the effective vector meson exchange interaction. Recently, 
the interaction has been founded by chiral symmetry [7J 
8,9,10], leading to a successful description of the hadron 
resonances in chiral unitary approaches [TT | [T2 i ri3] . 

In recent applications of the chiral unitary approach, 
it was shown that some resonances obtained in the coupled 
channel dynamics with SU(3) breaking became bound states 
of a single channel in the flavor SU(3) limit [HE21IMIS 
[17lll8| . Therefore, we expect that the origin of the physical 
resonances may be clarified by studying the bound states 
in the SU(3) limit. We focus on the s-wave scatterings, 
since the low energy interaction of the NG boson with 
any hadrons in s-wave are uniquely determined by chiral 
symmetry. In this framework, we examine the possibility 
to generate the exotic hadron as a bound state of the NG 
boson and a hadron. 

The low energy s-wave interaction of the NG boson (Ad) 
with a target hadron (T) is model-independently given by 
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Fig. 1. (a) : Notation of the representations a, Ad and T 
for the WT term, (b) : The bound state pole diagram after 
unitarization of the amplitude. 



the Weinberg- Tomozawa theorem p~9|[20] as 



V a = 



2f 



(1) 



with the decay constant (/) and energy (oj) of the NG 
boson. The group theoretical factor C a _r is determined 
by specifying the flavor representations of the target T 
and the scattering system a € T<gAd (see Fig. [IJ: 

C a , T = - (2F T ■ F Ad ) a = C 2 (T) - C 2 {a) + 3, (2) 

where C^R) is the quadratic Casimir of SU(3) for the 
representation R, and we use C2(Ad) = 3 for the adjoint 
representation of the NG boson. 

For the target hadron with an arbitrary SU(3) rep- 
resentation T = [p, q] , possible representations a for the 
scattering channels are obtained as 



\p,q]& [1,1] = ]p + l,q + l] 
®\p + 2,q-l]® [p-ljff-r 
®\p+l,q-2]®\p-2,ql 



2] © [p, q] © [p, q] 

i]©b- hg-i], 



where the labels of representations [a, b] should satisfy 
a, b > 0, and one of the two [p, q] representations on the 
right hand side should satisfy p > 1 and the other q > 1. 
Using Eq. ([2]), we evaluate the coupling strengths C a .r for 
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Table 1. Properties of the WT interaction in the channel a 
of the NG boson scattering on the target hadron with the T = 
[p, q] representation. The coupling strengths of the WT term 
is denoted as C a ,T, AE is the differences of the exoticness E 
between the channel a and the target hadron T, and Cc,t(N c ) 
denotes the coupling strengths for arbitrary N c . 



a 


C a ,T 


Z\£ 


C a , T (N c ) 


[p + 1,9+1] 


-p-q 


1 or 


^ P 9 


[p + 2,9-1] 


1-p 


1 or 


1-p 


|p- 1,9 + 2] 


1-q 


1 or 




b. a] 


3 
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b + 1,9-2] 


3 + q 


or -1 


3+ 2 ^ +q 


[p-2,9+1] 


3+p 


or -1 


3+p 


b-1,9-1] 


4 + p + q 


or -1 
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Fig. 2. Critical coupling strength C cr it for / = 93 MeV and 
m = 368 MeV (Solid line). The dashed line denotes the univer- 
sal attractive coupling strength in exotic channels C OX otic = 1. 



the possible representations of the channel a as shown in 
Tabled 

In order to specify the exotic channels, we define the 
exoticness quantum number E [2TU22 . 23 . 24 as the num- 
ber of valence quark-antiquark pairs to construct the given 
flavor multiplet [p, q] with the baryon number B carried 
by the u, d, and s quarks. For B > the exoticness E is 
given by 

E = e6(e)+u6(v), 

where we define e = (p + 2q)/3 — B, v = (p — q)/3 — B 
and 9{x) is the step function. For each a, we evaluate the 
difference of the exoticness AE between the target T and 
a, as shown in Table [1] Taking p, q > into account, we 
find that most of exotic channels are repulsive (C Qi t < 0) 
and that the attractive interaction (C Qj t > 0) is realized 
with the universal strength 

C eX otic = 1- (3) 

By looking at the construction in detail, we can further 
specify the attractive channels as a = [p — 1,2] for T = 

[p,0] andp>3B [31E]. 

Next we study the scattering problem with the WT 

interaction V a of Eq. ([1]) in order to examine whether 

the attractive interaction ([3|) can accommodate an exotic 

bound state. We utilize the N/D method [H] to construct 

the scattering amplitude which satisfies the elastic unitar- 

ity condition. The scattering amplitude of the NG boson 

and the target hadron in the channel a is given by 

1 - I4(vs)G(a/s) 

as a function of the center-of-mass energy yfs. Here G(y/s) 
is given by the once-subtracted dispersion integral 




with p(s) = 2M TV / (s - s+)(s - s-)/(8ws) and s ± = (m± 
M T ) 2 . 

The subtraction constant fi(so) should be in principle 
determined so as to reproduce some experimental observ- 
ables. Here we would like to discuss a prescription which 



can be applicable to the cases without experimental infor- 
mation. For this purpose, we adopt the prescription given 
in Refs. pSJUS]: 

G(M T ) - 0, (4) 

which is equivalent to t a {y/s) = V a (y/s) at y/s — Mt- 
This allows us to match the amplitude with that of the u- 
channel ressumation at this energy. In addition, we show 
that this prescription provides a "natural size" of the sub- 
traction parameter [4], with which the experimental ob- 
servables in the S = — 1 meson-baryon channel are well 
reproduced [3]. 

Since the WT interaction is the leading order term of 
the chiral perturbation theory, the condition Q means 
that the full amplitude becomes that of the chiral per- 
turbation theory at y/s = Mt- It is worth noting that 
t a {\fs) = V a (y/s) can be achieved only in the region where 
G(y/s) is real, since the subtraction constant a(srj) is a real 
number. Therefore, in order to match the full amplitude 
to the chiral perturbation theory, we need 

= within M T - m < y/s < M T + m. 

If this condition is not satisfied, the unitarized amplitude 
ta{\fs) does not coincide with the tree level amplitude 
obtained in chiral perturbation theory. 

With the renormalization condition ^ , we derive the 
smallest attractive coupling strength C cr it to produce a 
bound state of the NG boson with the target hadron as 

Ccrit = m[-G(M T + m)Y (5) 

Using / = 93 MeV and m = 368 MeV, we plot C crit in 
Fig. H as a function of Mt together with the universal 
attractive strength C cxo tic = 1 found in Eq. ([3]). It is seen 
that Cexotic is not strong enough to generate a bound state 
in this region. We also examine the dependence of the 
Ccrit on / and m and find that C cr ;t becomes smaller, 
either for the larger m or the smaller /. However, C cr ; t 
cannot be smaller than C oxo tic = 1 in physically reasonable 
parameter region. 

For a baryon target, we can evaluate the WT inter- 
action in large- -/V c limit using the analytic form of the 
coupling strength ([2} . With the standard extension of the 
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flavor representation [p, q + (N c — 3)/2] with fixed baryon 
spin [26] , we derive the nontrivial linear N c dependence of 
the coupling strength C a ,T(A c ), as shown in TableQ] We 
find that the interaction in exotic channels has negative 
dependence of N c . Combining with the 1/N C dependence 
of the l// 2 factor, we show that no attractive interaction 
exists in the large- N c limit. 

We have studied the exotic hadrons in s-wave chiral 
dynamics. Based on the group theoretical argument and 
the general principle of the scattering theory, we have 
drawn the following two conclusions: 



10. 



11. 



12. 



13. 



14. 



15. 



— Attractive interaction in exotic channels is universal 16. 



C' 



1. 



— The interaction is smaller than the critical value to 
generate a bound state C exot i C < C crlt - 



17. 



18. 



Combining these two, we have shown that the exotic hadrons 19 

are not generated in s-wave scattering of the NG boson 20 

with a target hadron in the SU(3) symmetric limit. 21 

It should be, however, noted that the present analysis 22 
is based on the simplest framework with the leading order 

interaction in the SU(3) limit. In practice, the effect of 23 

the flavor SU(3) breaking and higher order terms in the ^4 
chiral Lagrangian should be taken into account [27,28,29, 

|3"0"II3"T] . In addition, we do not exclude the existence of the ^ 



27. 



exotic state with different origins, such as genuine quark 
states or the rotational excitation of the chiral solitons. 
Nonetheless, the conclusion drawn here should contribute 
to partly explain the difficulty to observe of the exotic 
hadrons in Nature. 
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